ABSTRACT
INTRODUCTION
In the aquatic ecosystem, the concentrations of dissolved oxygen are influenced by the chemical and biological processes of oxidation. Related to the concentrations of the reduced compounds, these processes may utilize a great portion of the oxygen reserves of these environments. The biological oxidations occur, basically, through the catabolic processes of the microbial communities, in the processing of detritus (Wetzel, 1983) .
The degradation processes occur in aerobic and anaerobic conditions. These conditions promote the differentiation of the microorganisms involved and, therefore, of the gaseous mixtures produced. The selection of microorganisms implicates in the adoption of distinct metabolic routes and not only the gases, but also the products generated are different (Jewell, 1971; Twilley et al, 1986; Gale et al, 1992; Moore Jr. et al, 1992) . The aerobic process acts over a broader spectrum of kinds of organic matter. It generates more stable products and a greater number of microbial cells. In environments with low concentrations of organic matter this process is usually fast, efficient and with a low odoriferous potential (Davis & Cornwell, 1991) . Experiments related to the aerobic mineralization have shown that the kinetics of oxygen uptake may reflect qualitative aspects of the detritus, as well as suggesting variation in the stoichiometrics of the processes (Bitar, 1995) . Experiments of aerobic mineralization with glucose indicate the reaction coefficients change according to the concentrations of the substrate; they also suggest that the concentrations of the substrate may interfere with the yield of the processes of formation of microbial cells (Bitar & Bianchini Jr., 1994) .
This work aims to compare the oxygen uptake in the mineralization of three species of aquatic macrophytes that are found in the Cabiúnas and Imboassica lagoons. It also aims to establish the workability of the experimental procedure of incubations under controlled conditions in limnological studies of coastal lagoons. (Fernandes, 1997 (Esteves et al, 1983) . In both lagoons, the samples were obtained at two sampling points related to the littoral and pelagial regions. The first experiment was constituted by the incubation (in laboratory) of samples of water enriched with sucrose at a 20 mg/L concentration (Antonio, 1992) . For each sample, three experimental bottles and one control bottle (without the addition of the sugar) were prepared. In the second experiment, dried and ground (≈50 o C) fragments of Typha domingensis, Potamogeton stenostachys and Nymphaea ampla were added to the samples of water (of the littoral region). These species of aquatic macrophytes were previously collected in the littoral region. For each species, three bottles containing fragments of the plant at a concentration of 200 mg/L were set up; as a control, two bottles containing only water from the littoral region of the lagoon were also set up. After the addition of sucrose or of the plant fragments, the bottles were aerated for 20min in order to bring the oxygen concentrations close to the saturation point (Bitar, 1995) . After that, in each bottle the pH and the electrical conductivity were determined. Following this, the bottles were incubated in a box with thermal insulator in dark and bathed with water. For 8 days concentrations of dissolved oxygen, temperature, pH and electrical conductivity were determined (by potenciometry) daily. The anaerobic processes were inhibited by the reaeration of the flasks, when the oxygen concentrations fell to a level below 4mg/L. Figure 1 presents the average uptakes of oxygen in the bottles with macrophyte fragments (A) and sucrose (B and C) are presented. Higher uptakes were noted throughout the mineralization of N. ampla, closely followed by P. stenostachys and T. domingensis. Adjusting these results to a kinetic model of 1 st order, similar to that adopted in the BOD testing (Davis & Cromwell, 1991) , it was possible to assert that P. stenostachys has the highest uptake of oxygen ) of the emergent species (T. domingensis) was 2,7 times greater than the one obtained for N. ampla and 1,08 times greater than the one estimated for P. stenostachys. However, the mineralization of T. domingensis showed the smallest uptake (139 mg of oxygen/g of DW). These results suggested that the potential for oxygen uptake was related with the composition of the plant tissues. In this context, T. domingensis constituted the most refractory resource and P. stenostachys was the most labile one, N. ampla having an intermediate composition. Therefore, it could be supposed that the mineralization of T. domingensis was restricted to the oxidation of the labile and/or leachable portions of this species; probably the protoplasmatic fraction. However, due to the labile character of these fractions, these oxidations occurred under the highest rates. On the other side, the mineralization of P. stenostachys probably encompassed a greater fraction of particulate organic matter (POM), reflecting on the diminution of its oxidation coefficient. The incorporation of the POM in the short term mineralization processes of P. stenostachys is a consequence of its tender structure, since it is a submersed species, that has no need for support structures. Adopting the stoichiometric relationship of the oxidation of glucose and admitting that these plant have around 45,9% of carbon (as Typha latifolia, Boyd & Hess, 1970) , through the values of oxygen uptake it was possible to estimate that T. domingensis had approximately 11,2% of carbon in an easily oxidable form. For P. stenostachys this fraction of the carbon corresponded to 30,4% and for N. ampla, 20,8%. Based on these estimates it was concluded that the processes of short term mineralization involved only a small fraction of the available organic matter, that probably had its main origin in the protoplasm. In this context, it was possible to estimate for these genera, through the decomposition experiments, the following leaching potentials: 50,2% for Nymphaea (Bianchini Jr., 1982) , 12,4% for Potamogeton (Howard-Williams & Davies, 1979) and 21,4% for Typha (Boyd, 1970; Delitti, 1993) . Through the estimates for the percentages of labile carbon and of the leaching potentials, it was supposed that in Cabiúnas lagoon, the processes of oxygen uptake from the short term mineralization of the aquatic macrophytes were basically a consequence of the oxidations of the dissolved organic matter. On the other hand, the mineralization of the particulate detritus should generate oxygen demands in the long term and develop with relatively low uptake rates.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
From the Figure 1 (B and C) it is possible to conclude that: i) the addition of sucrose increased significantly the oxygen uptake in the bottles with samples of water of the littoral region of Imboassica lagoon; ii)however tenuously, the samples enriched with the sugar showed a tendency to exhibited a greater oxygen uptake than the respective controls; iii) the values of oxygen uptake were more enhanced in the bottles with water from the Imboassica lagoon, and iv) the uptakes registered in the bottles with water from the littoral and central region of Cabiúnas lagoon were extremely similar.
With the exception of the observation made in the bottles with water from the littoral region of Imboassica lagoon, these results allowed us to suppose that the sugar added was used mainly in the production of microbial cells and/or the formation of refractory compounds (humic substances), instead of being used for energetic purposes. It could be possible that by receiving constant emissions of domestic sewage, the samples of water from the littoral region of Imboassica lagoon contained a greater number of microorganisms, the populations that were more adapted for the consumption of organic matter and the most favorable nutritional conditions for the development of the metabolic processes. Probably, the greater uptakes registered in these samples reflected the synergy of these factors. Discounting the values of uptake related to the mineralization of the organic matter of the control bottles, and considering the stoichiometry of the oxidation of the sucrose, it was estimated that the bottles with water from the littoral region of Imboassica lagoons had around 52% of the added carbon oxidized, with the remaining (48%) supporting the production of cells and humic compounds.
Comparing these results with those obtained in a similar experiment (Antonio, 1992) , which also evaluated the decay of carbohydrates, it was concluded that the percentage allocated for obtaining the energy of this sample (52%) was approximately 2,7 times higher than the one obtained in samples of water of a marginal lagoon in the Mogi-Guaçu River (Lagoa do Infernão, SP).
Regarding the higher values of oxygen uptake observed in the samples from the Imboassica lagoon, compared with those from Cabiúnas lagoon, as mentioned, it is assumed that the anthropic pressures end up determining the presence of a microbial community that is more adapted to the degradation of organic compounds, as well as the occurrence of a greater availability of organic carbon and nutrients. However, in the Cabiúnas lagoon it must also be considered that besides the smaller anthropic influence over this system, its waters are dark, indicating the abundant presence of humic compounds. In this case, it is possible that these substances may have been attached to the added carbohydrate, making it unavailable to the microorganisms. These results showed the possibility of using incubations of these materials to compare the efficiencies of the cycling of organic matter of different aquatic systems.
In Figure 2 , the temporal variation of pH that occurred due to the mineralization of the macrophytes (A) and of the sucrose (B and C) are presented. In this figure, the variation of the temperature throughout the experiment (D) can be seen. From the beginning until the first day of the experiment, there was a decrease of approximately 3 o C. After that, the temperature oscillated between 20,5 and 22 o C until the end of the observation period. On average, the experiment developed under the temperature of 21,6 ± 0,16 o C. Comparing these values with the ones registered in field inventories (Esteves et al., 1983; Fernandes, 1997) it was concluded that the temperature in the experiment oscillated in a range that was compatible with the one observed in the lagoons, not being, therefore, a limiting factor in the mineralization processes.
The values of pH showed a tendency to decrease in all experimental conditions. Probably these results were due to the generation of CO 2 in the bottles, from the processes of mineralization of the organic matter that was originally in the samples, of the sugar, or the aquatic macrophytes' detritus that were added. Lowering of the pH was attributed to the leaching of the reduced (organic and inorganic) compounds from the decomposition (Bianchini Jr. & Toledo, 1988) . In this context, it may be underlined that in the bottles containing N. ampla (the species with the highest leaching potential, Bianchini Jr. (1982)) were the ones where the acidulation was higher (Fig. 2A) . With the exception of the control bottle, where the acidulation was gradual, the bottles with aquatic macrophytes' detritus had very fast acidulation from the beginning of the experiment until the first day; after that the values of pH oscillated between 6 and 6,5. It must be noted that the pH of the control bottle always oscillated between higher values ( Fig.  2A) . Probably due to the absence of sucrose, which in fact constituted a supplementary source of CO 2 , in the samples of Imboassica lagoon, the control bottles always presented higher values of pH. The samples of the littoral region of this lagoon were almost always more acidic than those from the limnetic region. As supposed for the oxygen uptake, these results indicated that the sewage dumping promoted a greater support for the development of microorganisms, and consequently, the lower values of pH ( Figure  2B ). It was supposed that by having a tendency to promote more efficiently the immobilization processes, when compared to the mineralization processes, the samples from Cabiúnas lagoon did not exhibit marked differences of pH related to the enrichment or to the sampling point. Another possibility could be related with the humic compounds present in these samples, which may have had an influence in the buffering of these environments ( Figure 2C ).
From the difference of the values of electrical conductivity of the control bottles, it was possible to verify the release of electrolytes (total inorganic compounds), by means of the leaching process and, also, the effects of the dissociation of the carbonic acid originated in the catabolism of the labile fractions of the macrophytes' detritus. It was concluded that regarding total electrolytes, there was an intense liberation/formation in the flasks containing P. stenostachys and T. domingensis. The mineralization of N. ampla generated the smallest concentrations. It could be possible that the smallest contents of inorganic compounds in the bottles with N. ampla were due to the greater microbial activity, since, due to the leaching potential in this detritus, it would be expected to find a higher amount of electrolytes in these flasks. Generally speaking, these results indicated the occurrence of intense formation/liberation of electrolytes from the setting up of the bottles until the 5 th day. From then on, the assimilation (microbial cell production, chemical interactions) processes began to dominate ( Figure 3A) . Usually, the temporal variations of the electrical conductivity followed those of temperature, however it was possible to verify that in the samples of water of both lagoons the additions of sucrose did not promote marked alterations of this variable. With the exception of the samples of the littoral region of Cabiúnas lagoon, where the enrichment with sucrose was reflected on an increase in the conductivity values. In this case, based on the low oxygen uptake as seen in these bottles ( Figure 1C) , it was supposed that the values of conductivity presented an increase mainly due to the alteration of the balance of adsorption among the humic compounds and the ions after the enrichment with sucrose. This did not rule out an increase in the electrical conductivity from the biological oxidations. However, it was possible that the oxidations have contributed to this.
CONCLUSIONS
Based on the experimental procedures adopted it could be concluded that: i) in the short term mineralization processes, the "floating leaves" macrophyte species (N. ampla) was the resource that generated the greater uptake of oxygen, followed by the submersed (P. stenostachys) and emergent (T. domingensis); ii) in the long term degradation, potentially, P. stenostachys was the resource that exhibited the greatest uptake of oxygen, N. ampla occupied an intermediate position and T. domingensis showed to be the most refractory resource; iii) the addition of sucrose in the samples of water of the two lagoons generated tendencies of increasing the oxygen uptake, the electrolyte concentrations and decreasing the pH values; iv) from the sugar enrichments, in the samples of water of the Imboassica lagoon, there was a tendency towards mineralization, while in the samples of the Cabiúnas lagoon, there was a dominance of immobilization (chemical and/or biological). 
